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fiber relaying unit configured to connect the first optical fiber
to the second optical fiber and to 1input the optical gate signal
output from the second optical fiber to the first optical fiber.
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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation Application of PCT Application No.
PCT/IP2007/060631, filed May 24, 2007, which was pub-
lished under PCT Article 21(2) 1n Japanese.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor device
including a direct light-triggered thyristor.

2. Description of the Related Art

In recent years, using a direct light-triggered thyristor to
configure a semiconductor device 1s known. For example,
there 1s a semiconductor device including a structure 1n which
cooling fins and direct light-triggered thyristors are alter-
nately bonded.

However, 1n the above-described semiconductor device, a
connection side of an optical fiber with respect to the direct
light-tnnggered thyristor 1s often structurally embedded.
Therefore, 1n the semiconductor device, the optical fiber 1s
being pulled out from the direct light-triggered thyristor. The
optical fiber must be suiliciently caretully handled because of
properties of a matenial thereof. Therefore, when manufac-
turing, assembling, or disassembling such a semiconductor
device, inconvenience arises from handling due to the pulled-
out optical fiber. In particular, a length of the optical fiber 1s
increased as the semiconductor device 1s installed 1n a higher-
voltage unit. When the length of the optical fiber 1s increased,
handling the semiconductor device becomes more difficult.

Furthermore, when the optical fiber 1s damaged, the optical
fiber must be replaced. However, when one end of the optical
fiber 1s structurally embedded 1n the semiconductor device,
the semiconductor device must be disassembled 1n order to
replace the optical fiber.

As explained above, in the semiconductor device including
the direct light-triggered thyristor, inconvenience oiten arises

from handling due to the optical fiber that 1s connected to the
direct light-triggered thyristor.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a semi-
conductor device including a direct light-triggered thyristor,
the device enabling reducing inconvenience which arises
from handling due to an optical fiber.

According to one aspect of the present invention, there 1s
provided a semiconductor device, comprising: a direct light-
triggered thyristor triggered by an optical gate signal; a first
optical fiber connected to the direct light-triggered thyristor
and through which the optical gate signal 1s transmitted; a
second optical fiber used to extend the first optical fiber; and
a inter-optical-fiber relaying unit configured to connect the
first optical fiber to the second optical fiber and to input the
optical gate signal output from the second optical fiber to the
first optical fiber.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a block diagram showing a configuration of a
semiconductor device according to a first embodiment of the
present invention;
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2

FIG. 2 1s an appearance diagram showing the configuration
of the semiconductor device according to the first embodi-
ment of the present invention;

FIG. 3 1s a block diagram showing a connected state of
optical fibers of the semiconductor device according to the
first embodiment of the present invention;

FIG. 4 1s a block diagram showing a configuration of a
semiconductor device according to a second embodiment of
the present invention; and

FIG. 5 1s a block diagram showing a connected state of

optical fibers of the semiconductor device according to the
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments according to the present invention will now
be described hereinafter in detail with reference to the accom-

panying drawings.
First Embodiment

FIG. 1 1s a block diagram showing a configuration of a
semiconductor device 1 according to a first embodiment of
the present invention. FIG. 2 1s an appearance drawing show-
ing the configuration of the semiconductor device 1 according
to the first embodiment of the present invention. In the draw-
ings, the same reference numerals denote the same parts to
omit a detailed explanation thereof, and different parts will be
mainly described. In a subsequent embodiment, a tautologi-
cal explanation will be likewise omitted.

The semiconductor device 1 includes n direct light-trig-
gered thyristors 11 to 1z connected 1n series, optical fibers
21a to 2na through which optical gate signals L1 to Ln are
input to the direct light-triggered thyristors 11 to 1z, respec-
tively, optical fibers 215 to 2rb which are used to extend the
optical fibers 21a to 2ra, respectively, a gate generator 4
connected to input sides of the optical fibers 215 to 2rb, relay
portions 51 to 5z which connect the optical fibers 215 to 2rb
to the optical fibers 21a to 2ra, respectively, and cooling fins
61 to 6» bonded to the direct light-triggered thyristors 11 to
1», respectively. Here, n 1s an integer equal to or above 1, but
respective constituent elements are appropriately omitted in
the drawings.

A structure 1s configured by alternately bonding the direct
light-triggered thyristors 11 to 12 to the cooling fins 61 to 67,
respectively. In the structure, the optical fibers 21a to 2ra are
connected to the direct light-triggered thyristors 11 to 1z,
respectively. Therefore, connecting portions of the optical
fibers 21a to 2ra with respect to the direct light-triggered
thyristors 11 to 1z are embedded in the structure. One end of
cach of the optical fibers 21a to 2ra 1s pulled out from the
structure to facilitate the connection with each of the optical
fibers 215 to 2nb.

Each of the direct light-triggered thyristors 11 to 17 1s a
thyristor which 1s directly triggered by an optical signal. The
direct light-triggered thyristors 11 to 17 are switched (driven)
in accordance with optical gate signals L1 to Ln.

The optical fibers 21a to 2ra and the optical fibers 215 to
2nb are cables which are used to perform communication
with the optical gate signals. The optical fibers 21a to 2ra are
connected with gates of the direct light-triggered thyristors 11
to 1». Each of the optical fibers 215 to 2rb 1s connected with
the gate generator 4. The optical fiber 21a and the optical fiber
21b are the cables having the same diameter. Lengths of the
optical fibers 21a to 2ra may be short as long as portions
connected with the optical fibers 215 to 2rb are pulled out
from the structure.
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The gate generator 4 1s a device which generates the optical
gate signals L1 to Ln that switch (trigger) the direct light-
triggered thyristors 11 to 1z, respectively.

The relay portions 51 to 5z are components which connect
the optical fibers 21a to 2ra to the optical fibers 215 to 2nb,
respectively. The relay portions 51 to 3» are configured to be
readily attached to/detached from the optical fibers 21a to 2na
and the optical fibers 21a to 2na.

The cooling fins 61 to 67 are heat sinks which radiate heat
generated from the direct light-triggered thyristors 11 to 1.

FI1G. 3 1s a block diagram showing a connected state of the
optical fibers 21a and 2156 1n the semiconductor device 1
according to the first embodiment of the present invention.
Here, the connected state of the optical fibers 21a and 215 1s
shown, but the other optical fibers have the same connected
state.

The optical fiber 21a and the optical fiber 215 are con-
nected with each other through the relay portion 51. When
performing operations, €.g., manufacturing, assembling, or
disassembling the semiconductor device 1, the optical fiber
21a or the optical fiber 215 1s detached from the relay portion
51. As aresult, the length of the optical fiber connected to the
structure can be reduced, thereby facilitating handling the
structure.

According to this embodiment, providing the relay por-
tions 51 to 5z enables reducing the lengths of the optical fibers
21a to 2na connected with the direct light-triggered thyristors
11 to 1. As a result, handling the optical fibers 21a to 2na
pulled out from the structure becomes easy, thereby facilitat-
ing operations, €.g., manufacturing, assembling, or disassem-
bling the semiconductor device 1. For example, 1n an opera-
tion of bonding the direct light-triggered thyristors 11 to 1z to
the cooling fins 61 to 6x 1n particular, the structure can be
readily handled. Further, decreasing the lengths of the optical
fibers 21a to 2ra enables reducing the possibility of damages
to the optical fibers 21a to 2ra as much as possible. When the
optical fibers 215 to 2rb are damaged, they can be easily
replaced without disassembling the semiconductor device 1.

Second Embodiment

FIG. 4 1s a block diagram showing a configuration of a
semiconductor device 1A according to a second embodiment
of the present invention.

The semiconductor device 1A 1s a modification of the
semiconductor device 1 according to the first embodiment,
and 1t has the same configuration except that the relay por-
tions 51 to 5» are substituted by relay portions 51A to SrzA
and the optical fibers 21a to 2ra are replaced by optical fibers
21al to 2nal.

The optical fibers 21al to 2ral have larger diameters than
those of optical fibers 215 to 2nb.

One end of each of the relay portions 51A to 5zA has a
shape which 1s connected to each of the optical fibers 21al to
1nal, and the other end of the same has a shape which 1s
connected to each of the optical fibers 215 to 2nb.

FIG. 5 1s a block diagram showing a connected state of the
optical fibers 2141 and 215 in the semiconductor device 1A
according to the second embodiment of the present invention.
Here, the connected state of the optical fiber 21al and the
optical fiber 215 1s shown, but the other optical fibers have the
same connected state.

The optical fiber 21al and the optical fiber 215 are con-
nected to each other through the relay portion 31A. When
performing operations, €.g., manufacturing, assembling, or
disassembling the semiconductor device 1, the optical fiber
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21al or the optical fiber 215 1s detached from the relay por-
tion S1A. As a result, the length of the optical fiber connected
to the structure can be reduced, thereby facilitating handling
the structure.

According to this embodiment, 1n addition to the functions

and eflfects of the first embodiment, the following functions
and effects can be obtained.

To drive a direct light-triggered thyristor 11, not only
simple transmission of signals “0” and “1” but also transmis-
s1on of optical power for driving 1s required. Therefore, sup-
pressing attenuation of the optical power of an optical gate
signal .1 on bonded surfaces of the optical fiber 2141 and the
optical fiber 215 1s important. Thus, diameters of the optical
fibers 21al to 2171 are increased to be larger than those of the
optical fibers 215 to 2nb. Therefore, the bonded surface of the
optical fiber 21al 1s larger than the bonded surface of the
optical fiber 215. Accordingly, even 11 the optical gate signal
.1 output from the optical fiber 215 spreads in the relay
portion 51A, the attenuation of the optical gate signal L1 (the
optical power) transmitted to the optical fiber 21al can be
suppressed. The same configuration can suppress the attenu-
ation of each of optical gate signals L1 to Ln.

It 1s to be noted that the semiconductor device which con-
stitutes a circuit corresponding to one phase has been
described 1n each of the foregoing embodiments, but the
present invention 1s not restricted thereto. A semiconductor
device (a power conversion apparatus) which constitutes a
circuit corresponding to three phases may be adopted, or a
semiconductor device other than the power conversion appa-
ratus may be used. Configurations of these devices can obtain
the same functions and effects as those 1n each of the forego-
ing embodiments when the same configuration as that of each
embodiment 1s adopted.

It1s to be noted that the present invention 1s not restricted to
the foregoing embodiments, and constituent elements can be
modified and changed into shapes without departing from the
scope of the invention at an embodying stage. Additionally,
various inventions can be formed by appropriately combining
a plurality of constituent elements disclosed 1n the foregoing
embodiments. For example, several constituent elements may
be eliminated from all constituent elements disclosed 1n the
embodiments. Further, constituent elements 1n the different
embodiments may be appropriately combined.

What 1s claimed 1s:

1. A semiconductor device comprising:

a structure;

a direct light-triggered thyristor enclosed 1nside the struc-
ture, the direct light-triggered thyristor being triggered
by an optical gate signal;

a first flexible light-conducting member which:
has a first end connected to the direct light-triggered

thyristor;
has a second end extending out of the structure; and
transmits the optical gate signal to the direct light-trig-
gered thyristor;
a second tlexible light-conducting member located outside
the structure; and
a relaying unit located outside the structure and configured
to:
connect the second end of the first light-conducting
member to the second light-conducting member; and

transmit the optical gate signal from the second light-
conducting member to the first light-conducting
member;

the first light-conducting member comprising an interme-
diate portion outside of the structure and of the relaying
unit.
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2. The device according to claim 1, further comprising;:

a radiating unit configured to radiate heat generated from
the direct light-triggered thyristor.

3. The device according to claim 1, wherein the first light-

conducting member has a diameter larger than that of the
second light-conducting member.

4. The device according to claim 1, further comprising:

an optical gate signal generating unit connected with the
second light-conducting member and configured to gen-
crate the optical gate signal.

5. A semiconductor device comprising:

a structure;

a plurality of direct light-triggered thyristors enclosed
inside the structure, the plurality of direct light-triggered
thyristors being connected 1n series and triggered by
optical gate signals;

a plurality of first flexible light-conducting members
which:
have first ends connected with the plurality of direct

light-triggered thyristors;
have second ends extending out of the structure; and
transmuit the plurality of optical gate signals to the direct
light-triggered thyristors, respectively;

a plurality of second flexible light-conducting members

located outside the structure; and
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a plurality of relaying units located outside the structure
and configured to:
connect the second ends of the plurality of first light-

conducting members to the plurality of second light-
conducting members; and
transmit the plurality of optical gate signals output from
the plurality of second light-conducting members to
the plurality of first light-conducting members,
respectively;

the first light-conducting members comprising intermedi-
ate portions outside of the structure and of the relaying
units.

6. The device according to claim 5, further comprising;:

a plurality of radiating units configured to radiate heat
generated from the plurality of direct light-triggered
thyristors, respectively.

7. The device according to claim 5, wherein the plurality of

first light-conducting members have diameters larger than
those of the plurality of second light-conducting members,

»o respectively.

25

8. The device according to claim 3, further comprising:

an optical gate signal generating unit connected to the
plurality of second light-conducting members and con-
figured to generate the plurality of optical gate signals,
respectively.
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